Apoptosis plays a key role in the pathogenesis of internal disc disruption (IDD); therefore, the inhibition of apoptosis may offer a novel approach for treating IDD diseases. The aim of the present study was to investigate the effects and the underlying mechanisms of paeoniflorin through the detection of relevant indicators in a rabbit model of IDD. In total, 144 rabbits were used in the study and divided into four groups (n=36 per group). Rabbits successfully modeled with IDD received an intragastric injection of 120 mg/kg·day paeoniflorin (high-dose group), 30 mg/kg·day paeoniflorin (low-dose group) or saline (model saline group), while rabbits without IDD were used as a normal control group. The apoptosis rate of disc nucleus pulposus cells was detected using flow cytometry. In addition, the expression levels of Bcl-2, Bax and caspase-9 in the disc tissues were detected using immunohistochemistry and western blot analysis prior to and following the treatment. The results indicated that the expression levels of Bax in the low-and high-dose paeoniflorin groups were significantly reduced, while the Bcl-2 expression levels were significantly increased when compared with the model saline group (P<0.01). In addition, the expression levels of cleaved caspase-3 and cleaved caspase-9 were reduced in the low-and high-dose paeoniflorin groups, as compared with the model saline group (P<0.05). Furthermore, the average apoptotic index of the high-and low-dose paeoniflorin groups was decreased when compared with the model saline group (P<0.05). In conclusion, paeoniflorin was demonstrated to inhibit the apoptosis of nucleus pulposus cells and the activation of caspase-3 and caspase-9 through the regulation of Bcl-2 family protein expression. These results provide an experimental basis for the future treatment of IDD with paeoniflorin.
Introduction
Internal disc disruption (IDD) involves the pathological alteration of intervertebral discs, which typically presents with virtually no evident morphological changes. Discogenic lower back pain is the primary manifestation of IDD. Heyde et al (1) observed that trauma is able to induce a caspase cascade as a response in affected disc cells, leading to the downregulation of the antiapoptotic protein, B-cell lymphoma 2 (Bcl-2), to subsequently result in cell apoptosis. Apoptosis plays a key role in IDD, and the inhibition of apoptosis may provide a novel treatment method for IDD diseases (1, 2) . Therefore, inhibiting apoptosis in disc nucleus pulposus cells may be key for mitigating disc degeneration. Paeoniflorin is the primary active component isolated from the traditional Chinese medicinal herb Paeoniae Radix (3) . Paeoniflorin exhibits a variety of types of biological activity, including anti-inflammatory (4), analgesic (4) and antioxidative (5) properties. Wu et al (6) suggested that plant-derived compounds such as paeoniflorin may possess the potential to prevent or treat cerebral ischemia and reperfusion-associated injuries.
In the present study, a rabbit IDD model was established, and intervention with the herbal extract, paeoniflorin, was conducted to investigate the effects of paeoniflorin on IDD and to determine the associated mechanisms through the detection of Bcl-2, Bax, caspase-3 and caspase-9.
Materials and methods
Experimental animals. In total, 144 New Zealand white rabbits (82 male and 62 female; weight, 3.0±0.5 kg) were provided by the Experimental Animal Center of the Academy of Medical Sciences [license no. SYXK(Zhe)2008-0114; Hangzhou, China]. This study was approved by the ethics committee of Wengzhou Medical University (Wenzhou, China).
Instruments.
A paraffin section machine was obtained from Leica Biosystems GmbH (Nussloch, Germany). A BH-2 optical microscope and C5060 camera were obtained from Olympus Corporation (Tokyo, Japan). A ZHJH-1214 super clean bench was purchased from Suzhou Purification Engineering Installation Co., Ltd. (Suzhou, China). In addition, a TGL-16C centrifuge was obtained from the Shanghai Anting Scientific Instrument Factory (Shanghai, China), while a flow cytometer was purchased from Beckman Coulter (Brea, CA, USA).
Reagents and drugs.
A streptavidin-biotin complex immunohistochemical staining kit was purchased from Fujian Maixin Biological Technology Ltd. (Fujian, China). Monoclonal antibodies targeting Bcl-2 (1:3,000; MAB4690) and Bax (1:4,000; H00000581-M01) were purchased from Abnova Corporation (Taipei, Taiwan), while a caspase-9 polyclonal antibody (1:2,000) was obtained from BioVision, Inc. (3136-100; Milpitas, CA, USA). In addition, a monoclonal anti-Bax antibody (1:3,000) was purchased from BioLegend, Inc. (MMS-565R-100; San Diego, CA, USA), an anti-Bcl-2 antibody was purchased from Cell Signaling Technology, Inc. (Danvers, MA, USA) and a monoclonal anti-caspase-9 antibody (1:3,000) was purchased from LifeSpan BioSciences, Inc. (96-2-22; Seattle, WA, USA). Paeoniflorin was obtained from Ningbo Lihua Pharmaceutical Co., Ltd. (#H20055058; Ningbo, China).
Modeling and grouping. In total, 144 New Zealand white rabbits were allocated at random into four groups (n=36 per group). An IDD model was established in the animals of the three experimental groups via an anular stab (7) . All animals that subsequently exhibited IDD received an intragastric injection of 120 mg/kg·day paeoniflorin (high-dose group), 30 mg/kg·day paeoniflorin (low-dose group) or saline (model saline group), once per day. Animals that did not undergo the modeling procedure were used as a control group. Each animal was housed individually in a cage with free access to food and water.
Sample collection and indicator detection. Rabbits were sacrificed at weeks 3, 6 and 10 following surgery via an intraperitoneal injection of pentobarbital sodium (1 ml/kg), after which the intervertebral discs were separated and collected. Briefly, the nucleus pulposus was carefully removed and the gelatinous tissue was removed. The samples were fixed, paraffin-embedded and cut into 3-4 µm sections. Subsequently, the sections were affixed to precoated 10% poly-lysine slides (Sigma-Aldrich, St. Louis, MO, USA) and incubated at 63˚C for 8 h. The sections were stored at room temperature in preparation for staining, which was conducted using an Annexin V/propidium iodide double staining kit. The apoptosis rate of the disc nucleus pulposus cells was detected using flow cytometry.
Statistical analysis. All data were analyzed using SAS software, version 6.12 (SAS Institute, Inc., Cary, NC, USA). P<0.05 was considered to indicate a statistically significant difference.
Results

Paeoniflorin inhibits the expression of Bax and promotes the expression of Bcl-2. Protein expression levels of Bax and
Bcl-2 were detected using immunohistochemical and western blot analyses. The western blot assay results indicated that the expression levels of Bax in the low-and high-dose groups were Fig. 1 ). However, the expression levels of Bcl-2 in the low-and high-dose groups were significantly increased when compared with the model saline group (P<0.05 and P<0.01, respectively; Fig. 1 ).
Accordingly, the immunohistochemical analysis results demonstrated that the expression levels of Bax in the model saline group were elevated compared with the normal control group at weeks 3, 6 and 10 following surgery (P<0.05; Table I ).
In addition, the expression levels of Bax in the low-and high-dose groups were reduced when compared with the model saline group (P<0.05; Table I ). No statistically significant difference was observed in Bax expression between the low-and high-dose groups at week 3 (P>0.05; Table I) , while the expression level of Bax in the low-dose group was higher compared with the high-dose group at weeks 6 and 10 (P<0.05). Table II . Effects of paeoniflorin on the expression of Bcl-2 protein (%).
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Furthermore, the expression levels of Bcl-2 in the model saline group were reduced compared with the normal control group at weeks 3, 6 and 10 following surgery (P<0.05; Table II ). The expression levels of Bcl-2 in the high-and low-dose groups were reduced when compared with the model saline group (P<0.05; Table II) ; however, no statistically significant differences were observed in the Bcl-2 expression levels between the high-and low-dose groups at weeks 3, 6 and 10 following surgery (P>0.05; Table II) .
Paeoniflorin inhibits the activation of caspase-3 and caspase-9. Western blot analysis results indicated that the protein expression levels of cleaved caspase-3 and cleaved caspase-9 were reduced in the low-and high-dose paeoniflorin groups when compared with the model saline group (P<0.05; Fig. 2 ). Immunohistochemical analysis indicated that the expression of activated caspase-9 in the model saline group was higher compared with the normal control group at weeks 3, 
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Week 10 Table III) . At week 3, no statistically significant difference was detected in the activated caspase-9 expression when comparing the high-and low-dose groups with the saline group (P>0.05; Table III ). However, at weeks 6 and 10, the activated caspase-9 positive cell rates in the high-and low-dose groups were reduced, as compared with the saline group (P<0.05; Table III ). No statistically significant difference was observed in the activated caspase-9 expression between the high-and low-dose groups (P>0.05; Table III ). Furthermore, the caspase-3 exhibited comparable results to caspase-9.
Paeoniflorin reduces the disc cell apoptosis rate. The average apoptotic index of the model saline group was elevated compared with the control group at weeks 3, 6 and 10 following surgery (P<0.05; Fig. 3 and Table IV ). By contrast, the average apoptotic index in the high-and low-dose groups was reduced when compared with the model saline group (P<0.05; Table IV ). No statistically significant difference was detected in the average apoptotic index between the high-and low-dose groups (Table IV) .
Discussion
Internal disc disruption (IDD) involves the pathological alteration of the intervertebral disc, while the overall intervertebral disc morphology exhibits no or limited modification. IDD can result in discogenic lower back pain, which is the primary manifestation of disc degeneration. Crock (8) was the first to hypothesize that discogenic pain may be caused by lesions of the disc internal structure. Furthermore, Heyde et al (1) observed that trauma was able to induce a caspase cascade response in affected disc cells and downregulate the expression of the antiapoptotic protein, Bcl-2, which subsequently resulted in cell apoptosis; a potential mechanism underlying the development of IDD. Park et al (9) detected the expression levels of caspase-8, caspase-9, Bid and cytochrome c in the degenerative disc nucleus pulposus cells of 32 patients with lumbar disc herniation. The authors observed that the apoptotic pathway of degenerative disc nucleus pulposus cells was predominantly mediated by the mitochondrial pathway. There are a limited number of death-inducing signaling complexes on the mitochondrial membrane, including caspase-8. Bcl-2 family members with a Bcl-2 homology (BH)3 domain are activated following stimulation by death signals, after which the proteins activate other Bcl-2 family members, such as Bax and Bak, to induce mitochondrial permeability and release cytochrome c and other proteins (10, 11) , thereby activating caspase-9 and caspase-3 to induce apoptosis (12) . Bcl-2 family proteins can be divided into pro-and antiapoptotic proteins. Proapoptotic proteins can be further divided into multi-domain proteins, such as Bax and Bak, and BH3-only proteins, which include Bid, Bad, Bim, Bik, Bmf, Hrk, PUMA and Noxa. Antiapoptotic proteins include Bcl-2, Bcl-xl, Mcl-1 and Bcl-w.
The mechanism through which Bcl-2 inhibits apoptosis is considered to involve the inhibition of caspase proteins (13, 14) . By contrast, Bax promotes caspase activity. Bcl-2 is a key antiapoptotic gene, while Bax is representative of proapoptotic genes. Thus, the ratio between Bcl-2 and Bax may be used to estimate the cell sensitivity to apoptosis (15) . The expression of Bax has been reported to increase, while the expression of Bcl-2 is decreased in degenerative lumbar disc tissues, indicating that Bcl-2 and Bax are involved in the process of nucleus pulposus cell apoptosis, which destroys the dynamic equilibrium between cell proliferation and apoptosis, leading to the progression of lumbar disc degeneration (16, 17) .
In conclusion, the present study used paeoniflorin to treat IDD, and the results indicated that the expression levels of Bax and caspase-9 in the paeoniflorin groups were significantly reduced compared with the control group, while the expression of Bcl-2 was significantly increased. Through detecting the rate of apoptosis, the average apoptotic index values of the modeling groups were observed to be elevated compared with the normal control group (P<0.05). Furthermore, the average apoptotic index of the high-and low-dose paeoniflorin groups was reduced when compared with the model saline group (P<0.05). Therefore, the results of the present study indicate that paeoniflorin is able to regulate Bcl-2 family proteins; promoting the expression of Bcl-2 and suppressing the expression of Bax and caspase-9, to ultimately inhibit the apoptosis of nucleus pulposus cells. Therefore, the results of the present study provide an experimental basis for the treatment of IDD using paeoniflorin.
